Introduction
Amiodarone is a class III antiarrhythmic drug widely used for ventricular and supraventricular arrhythmias in patients with heart disease, including left ventricular dysfunction.
1,2 Amiodarone exerts negligible negative inotropic activity and causes a low rate of ventricular proarrhythmia, rendering this drug advantageous for use in patients with heart failure. 3 The latest 2016 guidelines for the management of atrial fibrillation recommended that for patients with heart failure, amiodarone is the drug of choice for maintaining sinus rhythm. 4, 5 Liver disease is a common sequela of advanced heart failure, and it ranges from mild reversible liver injury to hepatic fibrosis and, in its most severe form, cardiac cirrhosis. 6 Hepatic dysfunction, whether primary or resulting from cardiac disease, can significantly alter the pharmacokinetics of many medications. Unfortunately, in hepatic dysfunction, serum drug levels and target effects are often unpredictable, and they show no good correlation with the specific cause of liver disease, its severity or level of liver function.
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huang et al hepatitis B and C in Taiwan, patients with hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are at a high risk for developing liver cirrhosis. Nonetheless, the relationship between amiodarone treatment and risk of liver cirrhosis in high-risk patients is unknown. Since liver injury from amiodarone is uncommon but not rare. 9 Large-scale population and long-term follow-up database provides good opportunity to evaluate the association.
Therefore, we aimed to determine the incidence of liver cirrhosis between amiodarone-treated and non-amiodaronetreated groups using data from the National Health Insurance Research Database (NHIRD). We also aimed to ascertain whether HBV or HCV infection exerts a detrimental effect on amiodarone users with liver cirrhosis.
Materials and methods
Data sources
Taiwan's National Health Insurance (NHI) system has covered more than 99% of its 23 The NHIRD is composed of anonymous secondary data released to the public for research purposes. All patients' data were encrypted using the same encryption algorithm to cross-link the data while protecting the privacy of the patients. The study randomly selected 2 million insured individuals data, which contain health care data including date of birth, gender, income, dates of clinical visits, diagnostic codes, details of prescriptions, procedures, surgeries, expenditures amounts, and others. All diseases were identified based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes in the NHIRD. The data accessed do not hold identifying patient information. This study was approved by the National Institutes of Health and the Tainan Municipal Hospital.
study subjects
A flowchart of the subject selection process is shown in Figure 1 . Considering hepatotoxicity of amiodarone complication is usually with delayed onset, we defined subjects who received amiodarone medications longer than 90 days within 1 year were eligible for inclusion in amiodarone cohort. The study included subjects with age ranged within 40-100 years, and those who were able to meet the inclusion criteria for amiodarone cohort and had received amiodarone medications from 1997 to 2010. Subjects who received amiodarone medication ,90 days within 1 year were excluded; those aged ,40 or .100 years; those with incomplete demographic data; those who received his/her first amiodarone medication after 2010; and those with a history of liver cirrhosis, hepatotoxicity or liver injury before the first amiodarone medication were excluded from the amiodarone cohort. Follow-ups were initiated 1 year after the first amiodarone medication, which was also designated as the index date. Subjects who had not taken amiodarone before were selected from the database and were treated as the non-amiodarone cohort. Those with a history of liver cirrhosis, hepatotoxicity or liver injury before the index data were excluded from non-amiodarone cohort. Prescribed use of other medicines, such as cardiovascular drugs, diabetic drugs, statins, interferons, and nucleoside analogs for chronic hepatitis B (CHB), ribavirin or peginterferon for chronic hepatitis C (CHC), between the index date and 1 year after the index day was also considered. We searched CHB patients receiving treatment with interferons, lamivudine, adefovir, telbivudine, and entecavir. Taiwan's NHI program has strict regulations regarding reimbursement for nucleoside analogs. Reimbursement for nucleoside analogs requires patients to fulfill certain criteria, such as twice-elevated serum alanine aminotransferase ([ALT]$2×) and elevated HBV DNA titer (.2,000 IU/mL). 10 We also searched CHC patients receiving treatment with ribavirin and peginterferon. The CHC patients fulfilled the treatment criteria such as positive anti-HCV, two values (3 months apart) of abnormal ALT levels higher than two times of upper limit of normal and liver biopsy proved hepatic fibrosis could be covered by the reimbursement policy. 11 All medication prescription records contained dates of order, dosage, and number of days prescribed for each dispensed drug. The study explored the use of the drug for a period of 1 year after the index date. Subject models were individually matched at a ratio of 4:1, whereas patients in the amiodarone cohort were matched for age, gender, propensity scores for comorbidities and medication, and index date. Non-amiodarone patients who were diagnosed with liver cirrhosis in the first year after the index date were also excluded. All participants were thoroughly observed until the following cases occurred: 1) diagnosis of liver cirrhosis, 2) withdrawal from the NHI program, 3) death, or 4) end of experimental period (2012). The date of withdrawal from the NHI program has been considered as a 12, 13 Other minor situations to be withdrawn from the program, such as staying abroad, imprisonment, etc. Comorbidities were classified as diseases (eg, alcoholic fatty liver or hepatitis, CHB, CHC, diabetes mellitus, hypertension, heart failure, and chronic kidney disease) existing prior to the index date.
Outcome measure
A diagnosis of liver cirrhosis was identified using ICD-9-CM codes. Liver cirrhosis should meet one of the following enrollment criteria for inclusion in the study at least: 1) one or more inpatient admissions with major diagnosis of liver cirrhosis, or 2) at least three records of a liver cirrhosis diagnostic code made by a gastroenterologist specialist within 6 months. To increase the reliability of the liver cirrhosis diagnosis, we identified the patients who also received a liver ultrasound examination (NHI procedure code: 19001C or 19009C) during the study period. We also identified the liver complication diagnosis related to liver cirrhosis, such as hepatocellular carcinoma, variceal hemorrhage, ascites, and hepatic encephalopathy. Decompensated cirrhosis was defined as development of cirrhosis and encephalopathy, cirrhosis and ascites, or cirrhosis and variceal bleeding.
statistical analyses
The baseline characteristics needed for data analysis of the two cohorts were identified from the insurance claim data files. These characteristics include age (40-50, 51-60, 61-70, and .70 years), gender, and medical history (with selected comorbidities). The number of liver cirrhosis developed among the enrolled subjects during the follow-up period was counted. Cox's regression hazard model was used to calculate the HR, whereas P-values were determined using log-rank test. Stratified Cox's regression hazard model was also adapted to compare the amiodarone cohort with the non-amiodarone cohort and thus evaluate the varying risks of developing liver cirrhosis. To determine the age effect on developing liver cirrhosis, we also conducted Cox's regression analysis by stratifying age into four groups (40-50, 51-60, 61-70, and .70 years). All data management and HR calculations were completed using the Statistical Analysis System (SAS) software for Windows (version 9.4; SAS Institute, Cary, NC, USA).
Results
Characteristics of the study population
The study included 8,081 patients in the amiodarone cohort; 55.55% were male, and the average age was 65.54 years ( Table 1 ). The prevalent comorbidities in the amiodarone cohort were alcoholic fatty liver or hepatitis (5.73%), CHB (1.47%), CHC (1.58%), diabetes (28.52%), hypertension (72.69%), and heart failure (10.95%), while the prescribed medication on patients included cardiovascular drugs (36.17%), diabetic drugs (9.96%), statins (8.13%), interferons, or nucleoside analogs for CHB treatment (1.10%), and ribavirin and/or peginterferon for CHC treatment (0.43% and 0.24%, respectively). Among amiodarone cohort, 88.34% of subjects had received abdominal liver ultrasound examinations.
The association between liver cirrhosis and amiodarone
Before matching the data, the incidence of liver cirrhosis was significantly different between the two cohorts (P=0.0338), 1.21% in the amiodarone cohort and 0.95% in the non-amiodarone cohort (Table 1) . However, after adjustment the possible confounders, the amiodarone cohort had a nonsignificant risk of liver cirrhosis compared with the non-amiodarone cohort, with an adjusted HR (aHR) of 1.17 (95% CI: 0.93-1.47; P=0.1723) ( Table 2 ). The follow-up duration and cumulative incidences of cirrhosis for amiodarone and non-amiodarone cohorts are shown in Figure 2 . 
Comorbid disease status and the risk of liver cirrhosis
The patients with hepatitis B were more likely to suffer from liver cirrhosis than those without hepatitis B in both cohorts (Table S1 ) (P,0.0001, aHR: 3.24, 95% CI: 2.11-4.98, Table 2 ). The patients with hepatitis C had a higher risk of liver cirrhosis than those without hepatitis C in both cohorts (Table S1 ) (P,0.0001, aHR: 10.23, 95% CI: 7.45-14.04, Table 2 ). The patients with heart failure had a higher risk of liver cirrhosis than those without heart failure in both cohorts (Table S1 ) (P,0.0001, aHR: 1.89, 95% CI: 1.40-2.54, Table 2 ). In addition, the patients receiving cardiovascular drugs or diabetic drugs were more likely to have liver cirrhosis than those without receiving cardiovascular drugs or diabetic drugs in both cohorts (Table S1 ) (P,0.0001, aHR: 6.49, 95% CI: 5.06-8.32; P,0.0001, aHR: 2.14, 
Figure 2
Cumulative incidences of liver cirrhosis in subjects with and without amiodarone. Notes: number of subjects at risk at the beginning and each year during the follow-up periods were shown in both cohorts. The number of subjects at risk decline over time due to death or data tracking time limit. "start" refers to starting tracking; "2nd" refers to tracking the second year, and so on. 
Discussion
Our main finding showed that liver cirrhosis incidence was higher in the amiodarone cohort without a high risk of liver cirrhosis than in the non-amiodarone cohort (1.21% vs 0.95%; P=0.030, 14, 15 With the progress of heart failure treatment and increasing aging population, many elderly patients receive amiodarone therapy due to its irreplaceable role in left ventricular dysfunction. Cardiohepatic interaction in heart failure results in cardiogenic liver injury on drug metabolism. 16 However, large-scale studies about this important issue were lacking. The present study included a largescale cohort (identified 8,081 cases in the amiodarone cohort) with a long follow-up time (up to 10 years). We excluded liver cirrhosis diagnosis in both cohorts prior to this study and included several important comorbidities possibly related to liver cirrhosis. Our result concurred with that of Mattar et al, 17 who examined the use of amiodarone in a population of 
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huang et al 409 patients with metabolic syndrome or heart failure. They found no cases of clinical hepatitis, cirrhosis, or death related to the therapeutic use of amiodarone in that population during an average observation period of 3 years. 17 In our amiodarone cohort, 10.95% (885 cases) had heart failure, 28.52% had type 2 diabetes mellitus (T2DM), 72.69% had hypertension, and 3.05% had CHB and CHC. Our result showed that chronic amiodarone use did not significantly increase the risk of liver cirrhosis across the different age groups. On a population basis, properly managed amiodarone use had no excess risk of liver cirrhosis compared with patients without receiving amiodarone. With the prevalence of abnormal transaminases in the population, a baseline measurement is a key to interpret whether transaminase levels increase in response to amiodarone. Furthermore, given the slow change in amiodarone exposure with changing dose and patient environment, determining ALT change every 3 months during the first year should be adequate to identify toxicity issues. Later, adequate testing should be conducted every 6 months. Accurate downward titration to the lowest effective dose is also important for any drug, including amiodarone. 18 Another important finding was that heart failure patients with a high risk of developing liver cirrhosis showed an aHR of 1.89 in all study subjects (95% CI: 1.40-2.54; P,0.0001, Table 2 ). These observations were significant in younger patients (aged 40-50 and 61-70 years) with a high risk of liver cirrhosis and with an aHR of 1.89 and 3.06 (95% CI: 1.40-2.54; P,0.0001, Table 3 ; 95% CI: 1.90-4.92; P,0.0001, Table 5 , respectively), but not in patients older than 70 years. This result highlighted the importance of cardiohepatic interaction in heart failure patients, which is less described clinically. Furthermore, heart failure patients may present liver-related symptoms, including abdominal distention, intermittent right upper quadrant discomfort, nausea, early satiety, or anorexia. 16 These patients may be indistinguishable from patients with liver disease or heart failure due to potential subtle presentations of symptoms. These findings may occur in the absence of overt ascites or lower extremity edema (particularly in younger patients). Thus, high-degree awareness about heart failure-related cardiohepatic interactions should be addressed by physicians to decrease heart failure-associated morbidity and mortality. 7, 16 We suggest that heart failure patients with abnormal liver function should first be evaluated for potential biliary tract obstruction and/or primary hepatic pathology before attributing irregularities to cardiac disease.
The present study revealed that patients with CHB and CHC were at a high risk for developing liver cirrhosis (aHR: 3.24, 95% CI: 2.11-4.98, P,0.0001; aHR: 10.23, 95% CI: 7.45-14.04; P,0.0001, respectively). Our results agree with the previous finding that CHB and CHC are the leading causes of chronic liver disease, especially cirrhosis. 19 Subgroup analysis in different age groups showed that CHC in advanced age may accelerate fibrosis progression. The aHR of CHC for liver cirrhosis in ages more than 71 years was higher than that in the younger age groups (aged 40-50 and 61-70 years). Individuals with HCV infection are often asymptomatic and unaware of their illness until severe liver diseases occur and progress to liver cirrhosis. 20 This observation may be the reason why patients with a high HR of CHC are at risk of liver cirrhosis. In addition, the present study found that patients receiving diabetic drugs were more likely to have liver cirrhosis than those without receiving diabetic drugs (P,0.0001, aHR: 2.14, 95% CI: 1.49-3.07, respectively). Previous studies have shown that non-alcoholic fatty liver disease (NAFLD) and T2DM are common conditions that regularly co-exist and can act synergistically to drive adverse outcomes. 21 Furthermore, in a series of 432 patients with biopsy-proven NAFLD, the presence of co-existent T2DM may increase the risk of NAFLD progression to fibrosis. 22 Our results agree with the previous finding that T2DM is an independent risk factor for fibrosis. Furthermore, the use of statins was associated with a significant 42% reduction in the risk of cirrhosis, which is consistent with the finding of a recent meta-analysis about statins and the risk of cirrhosis in CHB or CHC patients. 23 However, in the present study, these protective effects were more evident in age 40-50 and 61-70 years than in other age groups (P=0.0031, aHR: 0.58, 95% CI: 0.40-0.83; P=0.0235, aHR: 0.48, 95% CI: 0.26-0.91, respectively, Tables 3-6).
limitations
This study exhibits several limitations. First, the diagnosis of liver cirrhosis was identified through ICD-9 codes, instead of confirmatory liver biopsy. The validity of the ICD-9 codes to define cirrhosis was unknown. However, in daily practice, liver biopsy is rarely pursued by health providers. To increase the accuracy of the diagnosis of cirrhosis, we enrolled patients with at least three records of a liver cirrhosis diagnostic code made by a gastroenterologist within 6 months, or one or more inpatient admissions with diagnosis of liver cirrhosis. In the present study, 88.34% of patients among amiodarone cohort and 77.40% of patients among non-amiodarone cohort had received liver ultrasound examinations. Furthermore, the agreement between the NHIRD and the self-reported data of 15,660 subjects ranged between 82.5% and 97.3%. 24 Although through the administrative database, patients' data are anonymized, we cannot identify 
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amiodarone and risk of liver cirrhosis the symptoms of decompensated liver cirrhosis and cannot precisely determine the severity of liver cirrhosis, but we can identify the complications of liver cirrhosis as a proxy of disease severity. In the present study, around 80% of cirrhosis patients were with related complications. Second, in the present study, we did not have information regarding a patient's HBV viral load or liver function. However, Taiwan's NHI program has strict regulations regarding reimbursement for nucleoside analogs. Only high-risk populations, including patients with higher baseline HBV viral load, higher serum ALT level or higher prevalence of liver decompensation are eligible for reimbursement. In our study, 74% of CHB patients in amiodarone cohort vs 70% of CHB patients in non-amiodarone cohort were eligible for treatment reimbursement (P=0.3515). In addition, the criteria for anti-HCV therapy reimbursement are seropositivity for anti-HCV and HCV RNA for .6 months with an elevated ALT level. In our study, 42% of CHC patients in amiodarone cohort vs 44% of CHC patients in non-amiodarone cohort were eligible for treatment reimbursement. These data provided us information on the proportion of HCV viremic patients with abnormal liver function in both cohorts. Third, the database lacks personal information, which may affect cirrhosis risk, such as lifestyle, body weight, body mass index, smoking habits, and alcohol use information. Fourth, this study had a retrospective cohort design, and the results are prone to inherent selection bias. Further prospective studies are necessary to confirm our observations.
Conclusion
In the Taiwanese population, patients in the amiodarone cohort without a high risk of liver cirrhosis were compared with patients in the non-amiodarone cohort. Patients with specific comorbid diseases, including T2DM, CHB, CHC, and heart failure, were probably at a high risk of developing liver cirrhosis. Long-term surveillance for liver toxicity in high-risk patients with amiodarone treatment was suggested. The use of statins was associated with a significant 42% reduction in the risk of liver cirrhosis.
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